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CHARGE PUMP

BACKGROUND

An integrated circuit chip that 1s powered by a particular
battery or other first power supply voltage may have a need
to generate, on-chip, a different voltage, such as a boosted
second power supply voltage having a magnitude that
exceeds the first power supply voltage. Off-chip, a dc-to-dc
voltage converter can make use ol an inductive storage
clement to generate a different dc voltage from a first dc
voltage. On-chip, where such an inductive storage element
may be unavailable, a cyclic charge pump circuit can be
used. The cyclic charge pump circuit can first charge a
charge transier capacitor using the first supply voltage
during a first cycle phase. Then, during a second cycle phase,
the charged capacitor can be placed 1n series with the first
supply voltage for discharge mto an output capacitor. The
process can be repeated until the output capacitor has been
charged to a desired voltage, which can be 1n excess of the
first power supply voltage. The output capacitor can be used
to supply the desired voltage to one or more other load
circuits. Such a load circuit will draw current, which will
remove charge from the output capacitor, which can then be
restored using further cycles of the charge pump circuit.

OVERVIEW

The present inventors have recognized, among other
things, that there remains an unmet need for improved
charge pump circuits, such as can provide greater efliciency,
which can lower integrated circuit power consumption and,
therefore, can reduce the demands on the battery or other
power supply.

This overview 1s imntended to provide an overview of
subject matter of the present patent application. It 1s not
intended to provide an exclusive or exhaustive explanation
of the mvention. The detailed description 1s 1ncluded to

provide further information about the present patent appli-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components in different
views. Like numerals having different letter suflixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way ol limitation, various embodiments discussed in the
present document.

FIG. 1 illustrates generally an example of a voltage boost
circuit stage.

FI1G. 2 1llustrates generally an example of a voltage boost
circuit stage 1n additional detail.

FIG. 3 illustrates generally an example of a method of
operation ol a voltage boost circuit.

DETAILED DESCRIPTION

FIG. 1 shows an example of a voltage boost circuit 100

stage. The voltage boost circuit 100 can include a first
inverter 102A and a second inverter 102B. The first and

second inverters 102A-B can share a first supply node 104
and a second supply node 106. The first supply node 104 can
be configured to receive an mput power supply voltage, V., .
The second supply node 106 can be configured to provide an
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output power supply voltage, V_ ., such as via a cyclic
charge pumping operation of the voltage boost circuit 100.

The voltage boost circuit 100 can include a first charge
transier capacitor 108A, CFA, which can be configured to
capacitively couple a first clock signal, CLK1, at node 110A,
to the first inverter 102A output at node 112A. A second
charge transfer capacitor 108B, CFB, can be configured to
capacitively couple a second clock signal CLK2, at node
110B, to the second inverter 102B output at node 112B. The
first clock signal CLK1 can be non-overlapping with the
second clock signal CLK2. A first gate drive capacitor 114 A,
CGA, can be configured to capacitively couple the first clock
signal, CLLK1, at node 110A, to the second inverter 1028
input at node 116B. A second gate drive capacitor 114B,
CGB, can be configured to capacitively couple the second
clock signal, CLLK2, at node 110B, to the first inverter 102A
iput at node 116 A. An output capacitor 118, C,,,~, can be
located between the second supply node 106 and a ground
or other reference voltage at a reference node 120. The
output capacitor 118, C ;- can be used to store the output
power supply voltage, V ,,~ for being provided to a load
circuit. IN certain examples, the voltage boost circuit can be
coupled to or can include an oscillator to generate at least
one of the clock signals (CLK1, CLK2).

FIG. 2 shows an example of the voltage boost circuit 100
stage 1n more detail. The first inverter 102A can include

field-eflect transistors (FETs) or other transistors, such as an
n-channel field-eflect transistor (NFET) 202A, M4 and a

p-channel field-effect transistor (PFET) 204A, M3. The
NFET 202A, M4 can include a drain that can be coupled to
node 112A, a source and body that can be coupled to the first
supply voltage at node 104, and a gate that can be coupled
to node 116 A. The PFET 204A, M3 can include a drain that
can be coupled to node 112A, a source and a body that can
be coupled to the second supply voltage at node 106, and a
gate that can be coupled to node 116 A. The second 1nverter
102B can include field-effect transistors (FETs) or other
transistors, such as an n-channel field-eflect transistor
(NFET) 202B, M2 and a p-channel field-effect transistor
(PFET) 204B, M1. The NFET 202B, M2 can include a drain
that can be coupled to node 112B, a source and body that can
be coupled to the first supply voltage at node 104, and a gate
that can be coupled to node 116B. The PFET 204B, M1 can
include a drain that can be coupled to node 112B, a source
and a body that can be coupled to the second supply voltage
at node 106, and a gate that can be coupled to node 116B.

In FIG. 2, the voltage boost circuit 100 can also include
a gate drive capacitor charging circuit, such as to couple a
terminal of one of the first gate drive capacitor 114A, CGA
or the second gate drive capacitor 114B, CGB to a selected
one of the first supply node 104 or the second supply node
106. In certain examples, the gate drive capacitor charging
circuits 206A-B and 208A-B can serve as “clamp” circuits,
such as to confine the dc bias voltage of the mputs 116 A-B
of the respective inverters 202A-B at a value that 1s sub-
stantially between the voltages at nodes 104 and 106, or
within a diode voltage drop thereof.

For example, a gate drive capacitor charging circuit 206 A
can couple a terminal, such as at node 116B, of the first gate
drive capacitor 114A, CGA to the first supply node 104. A
gate drive capacitor charging circuit 206B can couple a
terminal, such as node 116A, of the second gate drive
capacitor 114B, CGB to the first supply node 104. A gate
drive capacitor charging circuit 208 A can couple a terminal,
such as at node 116B, of the first gate drive capacitor 114 A,
CGA to the second supply node 106. A gate drive capacitor
charging circuit 208B can couple a terminal, such as at node
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116 A, of the second gate drive capacitor 114B, CGB to the
second supply node 106. The gate drive capacitor charging
circuits 206 A-B, 208A-B can respectively include a unidi-
rectional charging circuit, such as at least one of a junction
or other diode or a diode-connected transistor.

For example, as shown in FIG. 2, the gate drive capacitor
charging circuit 206B can include a diode-connected NFET
M8, having 1ts gate and drain connected to the first supply
node 104, and 1ts source connected at node 116A to a
terminal of the gate drive capacitor 114B, CGB. The gate
drive capacitor charging circuit 206 A can include a diode-
connected NFET M6, having its gate and drain connected to
the first supply node 104, and its source connected at node
116B to a terminal of the gate drive capacitor CGA, 114A.
The gate drive capacitor charging circuit 208B can include
a diode-connected PFET M7, having its gate and drain
terminal connected to the second supply node 106, and its
source connected at node 116 A to a terminal of the gate drive
capacitor 114B, CGB. The gate drive capacitor charging
circuit 208A can include a diode-connected PFET MS,
having 1ts gate and drain terminal connected to the second
supply node 106, and 1ts source connected at node 116B to
a terminal of the gate drive capacitor 114A, CGA.

The gate drive capacitors 114A-B, CGA-B can respec-
tively provide a dedicated gate drive voltage of the corre-
sponding clock signals CLKB-A to the respective inputs
116 A-B of the corresponding inverters 202A-B. As shown 1n
the examples of FIGS. 1-2, the inverters 202A-B need not be
configured 1n a cross-coupled “latch” configuration, which 1s
another possible approach for implementing the voltage
boost circuit 100 stage. In a cross-coupled latch configura-
tion, the output of each of the mnverters 1s fed back to the
input of the other one of the inverters, which 1s different than
the configuration shown in FIGS. 1-2, which can avoid this
cross-coupling. By way of comparison, 1 such a cross-
coupled latch configuration approach, current shoot-through
can be a problem: as a clock signal 1s driving the 1mnput of a
first one of the mverters 1n the cross-coupled latch high, the
output of the other second inverter in the cross-coupled latch
1s actively trying to pull the clock-signal driven input of the
first inverter low. Overcoming such an oppositional inverter
in a cross-coupled latch requires more power consumption,
and can require additional circuit space and power consump-
tion of the dniver circuit providing the clock-signal driven
input of the first inverter. The larger driver circuit and slower
switching transition times associated with overcoming a
latched voltage 1n a cross-coupled configuration gives rise to
current shoot-through when the driver bufler switches, such
as during a switching time period when a driver buller
inverter’s transistors are both “on”.

Reducing such charge losses can be particularly usetul in
the context of a cyclic charge pump such as the voltage boost
circuit 100, which can be configured to provide a boosted
voltage at an output capacitor 118, C_, . This 1s because
loss of charge from a higher voltage stored on a capacitor
represents a higher energy loss than a corresponding loss of
charge at a lower voltage stored on a capacitor. As explained
herein, as the voltage boost circuit 100 stage can be serially
cascaded to repeatedly boost the voltage in stages to provide
an even higher boosted voltage. Therefore, reducing such
charge losses can become even more important at later
stages 1n such a serial cascade of voltage boost circuit 100
stages, since such charge losses would occur 1n the context
of even higher boosted voltage, representing greater energy
losses.

To recap, because, as shown 1n the examples of FIGS. 1-2,
the mverters 202A-B need not be configured 1n a cross-
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coupled “latch™ configuration, such current shoot-through
losses can be decreased as compared to a cross-coupled
“latch” configuration.

In a variation from what 1s 1llustrated in FIG. 2, one or
more of the gate drive capacitor charging circuits 206A-B,
208 A-B need not be implemented as a unidirectional charg-
ing using at least one of a junction or other diode or a
diode-connected transistor. Instead, the gate drive capacitor
circuits 206A-B, 208A-B can be otherwise implemented,
such as by actively-driven switches, rather than by diodes or
diode-connected transistors. Switch-based gate drive capaci-
tor charging circuits 206A-B and 208A-B can provide dc
biasing to the mputs 116A-B of the respective mverters
202A-B, which would otherwise respectively be merely
capacitively coupled through the corresponding gate drive
capacitors 114B-A, CGB, CGA to the clock voltages at
nodes 110B-A, respectively. Using actively-driven switches
can advantageously dc bias the mnputs 116 A-B of the invert-
ers 202A-B at a voltage that can be driven all the way to the
voltage of the corresponding one of the input node 104 or the
output node 106, rather than to merely within a diode-turn-
on voltage or diode-connected transistor threshold voltage
thereof. This, 1n turn, would have the advantage of turning
a corresponding transistor in the inverter 202A-B fully off,
which may further improve the operating efliciency of the
voltage boost circuit 100 stage, particularly when such
elliciency gains can exceed any eiliciency cost of actively
driving such switches of the gate drive capacitor charging
circuits 206A-B or 208A-B. In some examples, such dc
biasing can avoid possibly “tloating” the mputs 116A-B of
the respective mverters 202A-B, which might otherwise put
such mnverters 202A-B 1n an indeterminate state with both
inverter transistors “on” within a particular imnverter, such as
may permit spikethrough current to occur 1n such indeter-
minate dc bias state.

The dedicated gate drive capacitors 114A-B, CGA-B need
not use too much additional space on the integrated circuit
chip, because the dedicated gate drive capacitors 114A-B,
CGA-B can be sized to be smaller—or much smaller—than
the corresponding charge transier capacitors 108A-B, CFA,
CFB 1n a particular voltage boost circuit 100 stage. In an
example, the capacitance value of one of the dedicated gate
drive capacitors 114A-B, CGA-B can be 14 the capacitance
value of one of the charge transier capacitors 108 A-B, CFA,
CFG. In an example, the capacitance value of one of the
dedicated gate drive capacitors 114A-B, CGA-B can be 15
the capacitance value of one of the charge transier capacitors
108A-B, CFA, CFG. In an example, the capacitance value of
one of the dedicated gate drive capacitors 114A-B, CGA-B
can be Y10 the capacitance value of one of the charge transfer
capacitors 108A-B, CFA, CFG. Other values are also pos-
sible.

In certain examples, the a boost architecture according to
the present subject matter can improve (e.g., reduce) loss of
charge (1) associated with current shoot-through of a par-
ticular inverter 202A-B when both of that inverter’s tran-
sistors are “‘on” during switching of that inverter, or (2)
associated with discharge of charge transier capacitors
108A-B, CFA, CFB.

In certain examples, multiple boost circuits can be cas-
caded to turther generate and further boost the overall output
voltage of a final stage of the cascaded boost circuits. In
certain examples, the various cascaded boost circuits can
share the clock signals. Fach subsequent boost circuit of the
cascaded circuits can recerve the output voltage (V) of the
previous circuit as the mput voltage (V. ). IN certain
examples, the mmput voltage (V. ) and the output voltage
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(Voue) can be quantified relative to a reference voltage (V.
at the reference node 120. FIG. 3 illustrates generally a

flowchart of an example method 300 of providing a boosted
output voltage using an mnput voltage and a pair of inverters
of a boost circuit. At 301, first and second 1inverters can share
a first supply node and a second supply node. In certain
examples, an mput voltage can be supplied on the first
supply node and an output voltage can be provided on the
second supply node. At 302, out-of-phase signals can be
received at the boost circuit. At 303, the clock signals can be
capacitively coupled to the outputs of the inverters. In
certain examples, the out-of-phase first and second clock
signals can be capacitively coupled to the outputs of the first
and second 1nverters, respectively. At 304, the clock signals
can be capacitively coupled to the mputs of the inverters. In
certain examples, the out-of-phase first and second clock
signals can be concurrently, with the method at 303, and
separately capacitively coupled to the mputs of the second
and first mverters, respectively. In some examples, receiv-
ing, or providing, out-oi-phase first and second clock signals
can include receiving first and second clock signals toggling,
or oscillating, between the reference voltage and the first
supply voltage. In certain examples, capacitively coupling
out-of-phase first and second clock signals to the outputs of
the inverters can include using first and second charge
transier capacitors. In certain examples, concurrently and
separately capacitively coupling out-of-phase first and sec-
ond clock to the mputs of the second and first inverters,
respectively, can include using first and second gate drive
capacitors. In certain examples, the method can include
comprising charging at least one of the first and second gate
drive capacitors using a diode-connection to one of the first
and second supply nodes.

VARIOUS NOTES & EXAMPLES

In Example 1, a voltage boost circuit can include first and
second inverters, sharing a first supply node, and sharing a
second supply node, a first charge transfer capacitor, con-
figured to couple a first clock signal to the first inverter
output, a second charge transfer capacitor, configured to
couple a second clock signal to the second iverter output,
the second clock signal being out-of-phase with the first
clock signal, a first gate drive capacitor, configured to couple
the first clock signal to the second inverter iput, and a
second gate drive capacitor, configured to couple the second
clock signal to the first inverter input.

In Example 2, the voltage boost circuit of claim 1 option-
ally includes a first gate drive capacitor charging circuit,
coupling a terminal of the first gate drive capacitor to one of
the first and second supply nodes, and a second gate drive
capacitor charging circuit, coupling a terminal of the second
gate drive capacitor to one of the first and second supply
nodes.

In Example 3, the voltage boost circuit of any one or more
of Examples 1-2 optionally includes a third gate drive
capacitor charging circuit, coupling the terminal of the first
gate drive capacitor to the other one of the first and second
supply nodes than coupled to by the first gate drive capacitor
charging circuit, and a fourth gate drive capacitor charging
circuit, coupling the terminal of the second gate drive
capacitor to the other one of the first and second supply
nodes than coupled to by the second gate drive capacitor
charging circuit.

In Example 4, at least one of the first gate drive capacitor
charging circuit, the second gate drive capacitor charging
circuit, the third gate drive capacitor charging circuit, or the
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fourth gate drive capacitor charging circuit of any one or
more of Examples 1-3 optionally include a gate drive
capacitor charging transistor.

In Example 3, the gate drive capacitor charging transistor
of any one or more of Examples 1-4 optionally includes a
diode-connected field-eflect transistor (FET).

In Example 6, at least one of the first gate drive capacitor
charging circuit or the second gate drive capacitor charging
circuit of any one or more of Examples 1-5 optionally
includes at least one of a diode or a diode-connected
field-eflect transistor (FET).

In Example 7, at least one of the first and second charge
transfer capacitors of any one or more of Examples 1-6
optionally 1s at least 2 times the capacitance value as at least
one of the first and second gate drive capacitors.

In Example 8, the voltage boost circuit of any one or more

of Examples 1-7 optionally includes an oscillator circut,
configured to provide the first and second clock voltage
signals, wherein the first and second clock voltage signals
respectively oscillate between a reference voltage at a ref-
erence node and an 1nput supply voltage at the first power
supply node, and an output voltage storage capacitor,
coupled between the second power supply node and the
reference node.
In Example 9, the voltage boost circuit of any one or more
of Examples 1-8 optionally includes the voltage boost circuit
in a serially-cascaded configuration with at least one other
such voltage boost circuit.

In Example 10, a voltage boost circuit receiving an input
supply voltage, Vin, relative to a reference voltage, Vref,
providing a larger magnitude output supply voltage, Vout,
relative to Vref can include a field-effect transistor (FET)
first inverter circuit, including a first power supply node
coupled to Vout and a second power supply node coupled to
Vin, and a first input node and a first output node, a FET
second 1nverter circuit, including a third power supply node
coupled to Vout and a fourth power supply node coupled to
Vin, and a second 1mput node and a second output node, a
first clock node, configured to receive a first clock signal
having a first clock phase, a second clock node, configured
to rece1ve a second clock signal having a second clock phase
that 1s out-of-phase with the first clock phase, a first charge
transier capacitor, coupled between the first output node of
the first inverter and the first clock node, a second charge
transier capacitor, coupled between the second output node
of the second inverter and the second clock node, a first gate
drive capacitor, coupled between the first clock node and the
second 1mput node of the second inverter, and a second gate
drive capacitor, coupled between the second clock node and
the first input node of the first inverter.

In Example 11, the voltage boost circuit of any one or
more of Examples 1-10 optionally includes a first diode or
diode-connected FET, coupled between Vout and the first
input of the first inverter, a second diode or diode-connected
FET, coupled between Vout and the second mput node of the
second inverter, a third diode or diode-connected FET,
coupled between Vin and the first mnput of the first inverter,
and a fourth diode or diode-connected FET, coupled
between Vin and the second mput node of the second
inverter.

In Example 12, a method of generating a boosted voltage
can 1clude providing first and second inverters, sharing a
first supply node, and sharing a second supply node, receiv-
ing or providing out-of-phase first and second clock signals,
and capacitively coupling the out-of-phase first and second
clock signals to the outputs of the first and second 1nverters,
respectively, and concurrently separately capacitively cou-
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pling the out-of-phase first and second clock signals to the
inputs of the second and first inverters, respectively.

In Example 13, the method of any one or more of
Examples 1-11 optionally includes boosting a second supply
voltage at the second supply node to a higher magmtude
with respect to a reference voltage than a first supply voltage
at the first supply node.

In Example 14, the receiving or providing out-of-phase
first and second clock signals of any one or more of
Examples 1-13 optionally includes receiving first and sec-
ond clock signals toggling between the reference voltage
and the first supply voltage.

In Example 13, the capacitively coupling the out-of-phase
first and second clock signals to the outputs of the first and
second 1nverters, respectively, and concurrently separately
capacitively coupling the out-of-phase first and second clock
signals to the inputs of the second and first inverters,
respectively, of any one or more of Examples 1-14 option-
ally includes providing first and second charge transfer
capacitors for the capacitively coupling the out-of-phase first
and second clock signals to the outputs of the first and
second inverters, and providing separate first and second
gate drive capacitors for the concurrently separately capaci-
tively coupling the out-of-phase first and second clock
signals to the mputs of the second and first inverters.

In Example 16, the method of any one or more of
Examples 1-15 optionally includes charging at least one of
the first and second gate drive capacitors using a diode-
connection to one of the first and second supply nodes.

In Example 17, the method of any one or more of
Examples 1-16 optionally includes charging at least one of
the first and second gate drive capacitors to one of the first
and second supply nodes, and automatically ceasing the
charging of the at least one of the first and second gate drive
capacitors when a voltage on the at least one of the first and
second gate drive capacitors 1s brought within a specified
value of a voltage at the one of the first and second supply
nodes.

In Example 18, the specified value of any one or more of
Examples 1-17 optionally 1s one of a diode-turn-on voltage
or a diode-connected transistor threshold voltage.

In Example 19, the capacitively coupling the out-of-phase
first and second clock signals to the outputs of the first and
second 1nverters, respectively, and concurrently separately
capacitively coupling the out-of-phase first and second clock
signals to the inputs of the second and first inverters,
respectively, of any one or more of Examples 1-18 option-
ally includes, alternatingly, turning on a field-eflect transis-
tor (FET) of one of the first and second inverters to couple
one of the first and second charge transier capacitors to the
second supply node, and turning on a FET of the other one
of the first and second 1nverters to couple the other one of the
first and second charge transfer capacitors to the second
supply node.

In Example 20, the method of any one or more of
Examples 1-19 optionally includes providing at least two
serially cascaded stages of the first and second inverters,
wherein the second supply node of a preceding stage pro-
vides the first supply node of an immediately subsequent
stage, and boosting a second supply voltage at the second
supply node of a final stage of the cascaded stages to more
than twice the magnitude with respect to a reference voltage
than a first supply voltage at the first supply node of a first
stage of the cascaded stages.

Each of these non-limiting examples can stand on 1ts own,
or can be combined 1n various permutations or combinations
with one or more of the other examples.
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The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration,
specific embodiments in which the ivention can be prac-
ticed. These embodiments are also referred to herein as
“examples.” Such examples can include elements 1n addi-
tion to those shown or described. However, the present
inventors also contemplate examples 1 which only those
clements shown or described are provided. Moreover, the
present 1nventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereol), or with respect to other examples (or one or more
aspects thereol) shown or described herein.

In the event of inconsistent usages between this document
and any documents so incorporated by reference, the usage
in this document controls.

In this document, the terms “a” or “an” are used, as 1s
common 1n patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In this document, the terms “including”
and “in which™ are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, 1n
the following claims, the terms “including” and “compris-
ing” are open-ended, that 1s, a system, device, article,
composition, formulation, or process that includes elements
in addition to those listed after such a term 1n a claim are still
deemed to fall within the scope of that claim. Moreover, 1n
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to 1impose numerical requirements on their objects.

Method examples described herein can be machine or
computer-implemented at least 1n part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
clectronic device to perform methods as described 1n the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code,
a higher-level language code, or the like. Such code can
include computer readable 1nstructions for performing vari-
ous methods. The code may form portions of computer
program products. Further, in an example, the code can be
tangibly stored on one or more volatile, non-transitory, or
non-volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tangible
computer-readable media can include, but are not limited to,
hard disks, removable magnetic disks, removable optical
disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories
(RAMSs), read only memories (ROMs), and the like.

The above description 1s intended to be illustrative, and
not restrictive. For example, the above-described examples
(or one or more aspects thereol) may be used in combination
with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above
description. The Abstract 1s provided to comply with 37
C.F.R. §1.72(b), to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the
scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to
streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature 1s essential to
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any claim. Rather, inventive subject matter may lie 1n less
than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the
Detailed Description as examples or embodiments, with
cach claim standing on 1ts own as a separate embodiment,
and 1t 1s contemplated that such embodiments can be com-
bined with each other 1n various combinations or permuta-
tions. The scope of the invention should be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled.

The claimed invention 1s:

1. A voltage boost circuit comprising:

first and second 1nverters, sharing a first supply node, and
sharing a second supply node and wherein at least one
inverter of the first and second inverters includes a
single, signal mput node,

a first charge transfer capacitor, configured to couple a
first clock signal to an output of the first inverter;

a second charge transier capacitor, configured to couple a
second clock signal to an output of the second 1nverter,
the second clock signal being out-of-phase with the first
clock signal;

a first gate drive capacitor, configured to couple the first
clock signal to the mput node of the second inverter;

a second gate drive capacitor, configured to couple the
second clock signal to the input node of the first
inverter;

a first diode;

a second diode coupled 1n series, using a first common
node, with the first diode, the first and second diode
coupled between the first supply node and the second
supply node, wherein the first common node 1s coupled
to the mput node of the first inverter and to the second
gate drive capacitor; and

wherein the first inverter 1s not coupled in a cross-coupled
latch configuration.

2. The voltage boost circuit of claim 1, comprising:

a third diode; and

a fourth diode coupled in series, using a second common
node, with the third diode, the third and fourth diodes
coupled between the first supply node and the second
supply node, wherein the second common node 1s
coupled to the input node of the second 1nverter and to
the first gate drive capacitor.

3. The voltage boost circuit of claim 1, wherein at least
one of the first diode, the second diode, the third diode or the
fourth diode comprises a diode-connected transistor.

4. The voltage boost circuit of claim 1, wherein at least
one of the first and second charge transfer capacitors 1s at
least 2 times the capacitance value as at least one of the first
and second gate drive capacitors.

5. The voltage boost circuit of claim 1, further compris-
ng:

an oscillator circuit, configured to provide the first and
second clock voltage signals, wherein the first and
second clock voltage signals respectively oscillate
between a reference voltage at a reference node and an
input supply voltage at the first power supply node; and

an output voltage storage capacitor, coupled between the
second power supply node and the reference node.

6. The voltage boost circuit of claim 1 1 a sernally-
cascaded configuration with at least one other such voltage
boost circuit and using 1nverters rated for a voltage differ-
ence of each circuit’s respective first and second supply
nodes.

7. A voltage boost circuit receiving an mput supply
voltage, V,,, relative to a reference voltage, V, . providing
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a larger magnitude output supply voltage, V

V.. the voltage boost circuit comprising:

a field-eflect transistor (FET) first inverter circuit, includ-
ing a first power supply node coupled to V_ . and a
second power supply node coupled to V_ ., and a first
input node and a first output node, wherein the field-

cllect transistor (FET) first inverter circuit includes a
single, signal mput node;

a FET second imnverter circuit, including a third power
supply node coupled to V__, and a fourth power supply
node coupled to V, , and a second input node and a
second output node;

a first clock node, configured to recerve a first clock signal
having a first clock phase;

a second clock node, configured to recerve a second clock
signal having a second clock phase that 1s out-of-phase
with the first clock phase;

a {irst charge transfer capacitor, coupled between the first
output node of the first inverter and the first clock node;

a second charge transier capacitor, coupled between the
second output node of the second inverter and the
second clock node;

a first gate drive capacitor, coupled between the first clock
node and the second mnput node of the second inverter;

a second gate drive capacitor, coupled between the second
clock node and the first input node of the first inverter;

a first diode or diode-connected FET, coupled between
V_ . and the first input of the first inverter;

a second diode or diode-connected FET, coupled between
V___and the second 1mnput node of the second inverter;

a third diode or diode-connected FET, coupled between
V. and the first input of the first inverter;

a fourth diode or diode-connected FET, coupled between
V. and the second input node of the second inverter;

wherein the first inverter circuit 1s not coupled 1n a
cross-coupled latch configuration; and

wherein the first and second gate drive capacitors are
configured to confine an mput voltage of each of the
first and second inverters between a voltage level of the
first supply node and a voltage level of the second
supply node.

8. A method of generating a boosted voltage, comprising:

providing an mput voltage at a first supply node shared by
first and second inverters;

providing an output voltage at a second supply node
shared by the first and second 1nverters;

wherein at least one inverter of the first and second
inverters mcludes a single, signal input node;

recerving or providing out-of-phase first and second clock
signals;

capacitively coupling the out-of-phase first and second
clock signals to the outputs of the first and second
iverters, respectively, and concurrently, separately,
capacitively coupling the out-of-phase first and second
clock signals to the mputs of the second and first
inverters, respectively; and

confining an 1mput voltage of the first inverter between a
voltage level of the first supply node and a voltage level
of the second supply node using a first diode coupled 1n
series, at a first common node, with a second diode
between the first supply node and the second supply;

confining an mput voltage of the second 1inverter between

a voltage level of the first supply node and a voltage

level of the second supply node using a third diode

coupled 1n series, at a third common node with a fourth

relative to
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diode, the series coupled third and fourth diodes
coupled between the first supply node and the second
supply; and

wherein the first inverter 1s not coupled 1n a cross-coupled

latch configuration.

9. The method of claim 8, comprising boosting a second
supply voltage at the second supply node to a higher
magnitude with respect to a reference voltage than a first
supply voltage at the first supply node.

10. The method of claim 9, wherein the receiving or
providing out-of-phase first and second clock signals com-
prises recerwving first and second clock signals toggling
between the reference voltage and the first supply voltage.

11. The method of claim 9, wherein the capacitively
coupling the out-of-phase first and second clock signals to
the outputs of the first and second 1nverters, respectively, and
concurrently separately capacitively coupling the out-oi-
phase first and second clock signals to the inputs of the
second and {first inverters, respectively; comprises:

providing first and second charge transier capacitors for

the capacitively coupling the out-of-phase first and
second clock signals to the outputs of the first and
second 1nverters; and

providing separate first and second gate drive capacitors

for the concurrently separately capacitively coupling
the out-of-phase first and second clock signals to the
inputs of the second and first inverters.

12. The method of claim 11, comprising charging at least
one of the first and second gate drive capacitors using a
diode-connection to one of the first and second supply
nodes.

13. The method of claim 11, comprising:

charging at least one of the first and second gate drive

capacitors to one of the first and second supply nodes;
and

automatically ceasing the charging of the at least one of

the first and second gate drive capacitors when a
voltage on the at least one of the first and second gate
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drive capacitors 1s brought within a specified value of

a voltage at the one of the first and second supply
nodes.

14. The method of claim 13, wherein the specified value

1s one of a diode-turn-on voltage or a diode-connected

transistor threshold voltage.

15. The method of claim 14, wherein the capacitively
coupling the out-of-phase first and second clock signals to
the outputs of the first and second 1nverters, respectively, and
concurrently separately capacitively coupling the out-oi-
phase first and second clock signals to the mputs of the
second and {first inverters, respectively, comprises alternat-
ingly:

turning on a field-eflect transistor (FET) of one of the first

and second inverters to couple one of the first and
second charge transier capacitors to the second supply
node; and

turning on a FET of the other one of the first and second

inverters to couple the other one of the first and second
charge transfer capacitors to the second supply node.

16. The method of claim 15, comprising:

providing at least two serially cascaded stages of the first

and second 1nverters, wherein the second supply node
ol a preceding stage provides the first supply node of an
immediately subsequent stage; and

boosting a second supply voltage at the second supply

node of a final stage of the cascaded stages to more than
twice the magnitude with respect to a reference voltage
than a first supply voltage at the first supply node of a
first stage of the cascaded stages.

17. The voltage boost circuit of claim 1, wherein at least
one 1nverter of the first and second 1nverters includes a pair
of complimentary transistors coupled 1n series between the
first supply node and the second supply node, and a control
node of one of the complimentary transistors coupled to a
control node of the other complimentary transistor to pro-
vide the single signal input node of the at least one inverter.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

